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Abstract: A dense ZrB2 particles reinforced glass (ZrB2/SiO2) coating was prepared on the SiC coated
carbon/carbon composites by a facile sol-dipping approach. The prepared ZrB2/SiO2 coating could
protect the composites from being oxidized for 160 h at 1773 K with a weight loss of 6.9 mg/cm2. The
flexural strength retention ratio of the ZrB2/SiO2 coated composites is 87% after oxidation for 160 h at
1773 K. The continuous SiO2 glass layer embedded with the submicron ZrSiO4 particles was formed
during oxidation. This was helpful to lower the diffusion rate of oxygen and improve the stability of
SiO2 glass film, thus improving the oxidation resistance of the coated samples. After thermal cycles
between 1773 K and room temperature for 15 times, penetrated cracks formed in the coating. The
weight loss of the ZrB2/SiO2 coated sample presented linear relationship, and the final weight loss per
unit area was 6.35 mg/cm2. The generation of the penetrative cracks and the debonded coating
interface resulted in the failure of the ZrB2/SiO2 coating.
Keywords: ZrB2/SiO2 coating; silica sol; dipping; oxidation resistance

1

Introduction 

Zirconium diboride (ZrB2) is an attractive thermal
protection material for carbon/carbon (C/C) composites
due to its high melting temperatures, good thermal
conductivities, and outstanding thermochemical
properties [1,2]. Researches showed that introducing
silicide into ZrB 2 can significantly promote the
oxidation protection ability of ZrB2 coating because of
the formation of a stable compound silicate glass layer.
In order to improve the oxidation protection for C/C
and C/SiC composites, some efforts have been devoted
to prepare ZrB2–silicide coatings, such as ZrB2–SiC
[3,4], ZrB2–MoSi2 [5], SiC–MoSi2–ZrB2 [6], ZrB2–TaSi2
* Corresponding author.
E-mail: licuiyan@sust.edu.cn, cuiyan.lee@163.com

[7], SiC/ZrB2–SiC/SiC [8], ZrB2–CrSi2–SiC–Si/SiC
[9], and ZrB2–SiC–Si/B [10] coatings, improving the
oxidation protection for C/C and C/SiC composites.
Dispersion of ceramic particles can improve oxidation
resistance of ZrB2–silicide coating [11,12]. Uniform
distribution of ceramic particles can make silicide more
effective in providing the silica-rich glass, leading to the
formation of the protective silica layer during oxidation
as soon as possible. In order to further improve the
distribution of ZrB2 in the coatings, many techniques
have been developed to prepare the ZrB2–silicide
coatings. Pourasad et al. [13] prepared a SiC–ZrB2
coating on a graphite substrate by a novel pack
cementation technique at 1873 K with Zr, Si, and B4C
powders. The SiC–ZrB2 coating could efficiently
enhance oxidation resistance of graphite. Li et al. [14]
prepared a SiC–ZrB2–ZrC coating on C/C composites
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by pack cementation using ZrC, B4C, and Si as the
precursor powder. The ZrB2 and ZrC were
homogeneously dispersed in the coating. The multiphase
coating showed the better oxidation resistance at a
higher oxygen partial pressure. Wang et al. [15] prepared
a gradient SiC–ZrB2–MoSi2 coating on SiC coated C/C
composites using supersonic plasma spraying. Its
excellent anti-oxidation behavior was due to the
formation of zircon and SiO2, which would flow to seal
the extension of the cracks. Niu et al. [16] fabricated
ZrB2–MoSi2 composite coatings by low-pressure plasma
spray. MoSi2 presented uniform distribution in the
ZrB2–MoSi2 coating. The fine distribution of sufficient
MoSi2 in the matrix and dense microstructure of the
ZrB2–MoSi2 coating contributed to its excellent
high-temperature oxidation resistance. Yang et al. [17]
prepared the ZrB2/SiC coating on C/SiC composite
surface by slurry painting and chemical vapor deposition.
Results showed that the coating retained 37.4% of
original flexural strength and provided longtime
protection for C/SiC composites at 1973 K.
However, ZrB2 particles were coarse in the coating
due to the high-temperature sintering in pack cementation
process. Many oxides and pores have been found in the
coating which resulted from the oxidation of ZrB2 and
silicide particles in the plasma spray process. Our
previous works have studied a self-healing ZrB2–SiO2
coating with dispersed submicron ZrB2 particles prepared
by infiltrating silica sol into a porous ZrB2 layer. The
dispersed ZrB2 particles separate the silica gel into
small pieces, which can reduce the shrinkage stress and
act as pinning centers to restrain the formation of
cracks [18].
Silica sol is considered as an efficient dispersant for
ceramic powders. The silica sol can enhance the stability
of silicon carbide and zirconia suspensions [19]. The
dispersion and stabilization of ceramic powders in the
silica sol are essential for the wet processing of
high-performance ceramics. Furthermore, silica sol can
not only provide high bond strength for ceramic bodies
due to its conversion to a solid gel at relatively low
temperature but also improve sinterability of ceramic
powders and promote the densification of ceramics
[20,21]. Therefore, silica sol has successfully been
employed to fabricate the ceramic coatings [18,22].
Recently, dip-coating techniques were also developed to
prepare ceramic coatings. Ma and Cai [23] prepared a trilayer of mullite/Y2Si2O7/(70wt%Y2Si2O7+30wt%Y2SiO5)
coating on the C/SiC composite substrate by dip-coating

route. An Al2O3–SiO2 sol with high solid content was
selected as the raw material for mullite. The slurry of
Y2O3 powder filled silicone resin was used to synthesize
yttrium silicate. The as-fabricated coating showed high
density and favorable bonding to C/SiC substrate. This
group also fabricated Y2Si2O7 coating on C/SiC
composite substrate by dip-coating from Y2O3 powder
filled silicone resin [24]. Results showed that Y2Si2O7
coating provided excellent oxidation resistance for
C/SiC substrate.
In this study, a facile sol-dipping process was
developed to fabricate ZrB2/SiO2 coating for the oxidation
protection of SiC coated C/C (SiC–C/C) composites.
The heated SiC–C/C samples were dipped into the silica
sol–ZrB2 suspension system. Then, the dipped samples
were treated in Ar atmosphere to form a dense ZrB2/
SiO2 coating. Compared with the techniques as mentioned
above, the sol-dipping process is a simple method to
achieve uniform distribution of ZrB2 particles in the
coating. In addition, this method is energy-efficient for
the preparation of ceramic coating. The sintering
temperature of the ceramic coating was about 1073–
1273 K. Furthermore, the sol-dipping process is suitable
for the preparation of nanostructured coatings because
of its low sintering temperature. The phase and
morphology of the ZrB2/SiO2 coating prepared by the
facile method were studied. The oxidation behavior
and thermal shock resistance of the ZrB2/SiO2 coating
were investigated.

2
2. 1

Experimental
Fabrication of coatings

Small specimens (10 mm × 10 mm × 10 mm for the
oxidation test and 55 mm × 10 mm × 4 mm for
mechanical test) were cut from bulk C/C composites
with a density of 1.75 g/cm3. Then the specimens were
hand-abraded using 300 grit SiC paper and cleaned
with ethanol and dried at 353 K for 1.5 h. The SiC
interlayer on the C/C composites was prepared by pack
cementation process with Si (325 mesh), C (325 mesh),
and Al2O3 (325mesh) powders at 1973–2273 K for 2 h
in argon protective atmosphere. The details of the pack
cementation process were reported in Ref. [25].
A commercial silica sol (30 wt%, pH = 9.5–10,
Shanghai Second Reagent Plant, China) was used as
raw material. The colloidal particle size in silica sol
was about 20 nm. The ZrB2 powder with an average
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particle size of 500 nm used in this study was obtained
from a commercial source (Dandong Research Institute
of Chemical Industry, Liaoning, China).
The schematic for the preparation of the ZrB2/SiO2
coatings is shown in Fig. 1. Firstly, submicron ZrB2
powders (25 wt%) were incorporated into the silica sol,
and mechanical stirring was used constantly to get the
suspension system. Secondly, the SiC–C/C samples
were heated at 473 K in air for 2 min and then quickly
dipped into the suspension system. The dipped samples
were ultrasonically cleaned in ethanol for 3 min to
remove the weakly bonded particles. Then, the above
heating and impregnation process was repeated ten
times. Lastly, the coated samples were treated at
1073 K for 2 h in argon atmosphere and the ZrB2/SiO2
coatings were prepared on the SiC–C/C samples.
In the suspension system, the colloidal silica particles
with negative charge were adsorbed on the surface of
the ZrB2 particles. Solid silica gel containing welldispersed submicron ZrB2 powders was formed on the
surface of the substrates while the heated substrates
were quickly dipped into the suspension system, which
transformed the ZrB2/SiO2 coatings after heat treatment.
2. 2

Tests and characterization

The isothermal oxidation tests of the SiC–C/C and
ZrB2/SiO2 coated SiC–C/C samples were carried out in
an electric furnace at 1773 K in air. During the isothermal
oxidation test, the coated samples were taken out from
the electric furnace and cooled to room temperature for
several times after oxidation for a certain time. The
flexural strength of the ZrB2/SiO2 coated SiC–C/C
samples before and after oxidation was measured by a
three-point bending test with a span length of 40 mm
and speed of 0.5 mm/min. The thermal shock tests were
carried out between 1773 K and room temperature.

The coated samples were placed in a furnace and kept
for 5 min, and they were immediately removed from
the furnace and kept at room temperature for 5 min.
After that, the samples were placed directly in the
furnace for the next thermal cycle. The weight change
of the samples during the oxidation and thermal shock
test was measured using an electrical balance with a
sensitivity of ±0.1 mg. The final mass loss percentage
was obtained by computing the average values of the
three samples.
The crystalline structure and morphology of the
unoxidized and oxidized specimens were measured by
X-ray diffraction (XRD, X’Pert PRO), scanning electron
microscopy (SEM, JSM-6390A) with energy-dispersive
spectroscopy (EDS).

3
3. 1

Results and discussion
Microstructure of the coating

Figure 2 shows the XRD pattern of the ZrB2/SiO2 coating.
The prepared coatings were mainly composed of ZrB2,
SiO2, and SiC. Minor β-SiC phase was also observed,
resulting from the inner SiC layer. This suggests that
the ZrB2/SiO2 coatings can be prepared by a facile
sol-dipping approach on the SiC–C/C samples.
Figure 3(a) shows the surface morphology of the SiO2
coating without ZrB2 particles prepared by sol-dipping
on the SiC–C/C samples. A large number of cracks can
be found in the SiO2 coating without ZrB2 particles.
The cracks split the SiO2 coating into many discontinuous
small pieces. The width of some cracks can reach about
10 µm. The magnified image (Fig. 3(b)) indicates that
some small cracks have a width of about 2–3 µm.
These results indicate the desiccation and calcination
of silica sol shrink the SiO2 coating and result in the

Fig. 1 Schematic for the preparation of the ZrB2/SiO2 coatings.
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Fig. 2 XRD pattern of the ZrB2/SiO2 coating prepared
by sol-dipping on the SiC–C/C samples.

formation of cracks. These cracks can provide the
pathway for oxygen to attack C/C substrate during
oxidation. In addition, these big cracks are difficult to
be filled by liquid SiO2. Therefore, the SiO2 coating

without ZrB2 particles cannot provide good oxidation
protection for the composites at high temperature.
However, the ZrB2/SiO2 coating presents a compact
structure, and no obvious holes and cracks can be
found on the coating surface, as shown in Fig. 3(c).
Figure 3(d) indicates that many white particles
distributed uniformly in the gray phase. According to
the EDS analysis, the spot 1 was rich in element of Zr
and the spot 2 was rich in element of Si (Figs. 3(e) and
3(f)). This result together with XRD analysis indicates
that the white particles are the ZrB2 phase, and the gray
phase is the SiO2 phase. The uniform distribution of the
ZrB2 particles can restrain the formation of cracks
which were generated by the shrinkage of the silica gel
during heat treatment.
Figure 4(a) shows the cross-section micrograph of the
ZrB2/SiO2 coating. The coating is ~200 μm in thickness

Fig. 3 (a) Surface morphology and (b) high magnification morphology of SiO2 coating prepared by sol-dipping on the
SiC–C/C samples; (c) surface morphology, (d) high magnification morphology of A, EDS of the spot 1 (e) and spot 2 (f) of the
ZrB2/SiO2 coating prepared by sol-dipping on the SiC–C/C samples.

Fig. 4 (a) Cross-section morphology and (b) high magnification morphology of A of the ZrB2/SiO2 coating prepared by
sol-dipping on the SiC–C/C samples.
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without penetration cracks or big holes. The interface
between the ZrB2/SiO2 and SiC coating was crack-free,
inferring good interface bonding. Silica solid gel
generated from the evaporation of silica sol can form a
Si–O bond that firmly adsorbs on the surface, which
improves the cohesion of the ZrB2/SiO2 coating and
the interfacial bonding with SiC coating. The particle
size ranges from sub-micrometers to several micrometers
(Fig. 4(b)). The tiny ZrB2 particles present a uniform
distribution in the coatings. Therefore, the compact
ZrB2/SiO2 coatings with uniformly dispersed ZrB2 particles
were prepared by the sol-dipping approach on the
SiC–C/C samples, which was expected to have good
oxidation protective property at high temperature.

Figure 5 shows the isothermal oxidation curves of the
coated samples at 1773 K in air. The ZrB2/SiO2 coating
can provide excellent oxidation protection for SiC–C/C
composites. The weight loss of the ZrB2/SiO2 coated
SiC–C/C specimens was 6.9 mg/cm2 after oxidation at
1773 K in air for 160 h, while the weight loss of
SiC–C/C specimens is up to 9.7 mg/cm2 after oxidation
for only 60 h. The oxidation behavior of the ZrB2/SiO2
coated specimens at 1773 K could be divided into four
processes marked as A, B, C, and D. The transition
time for the four processes was 6, 20, and 160 h. The
coated specimens exhibited a weight increase at the initial
oxidation stage (process A), and the weight increase of
the coated specimens exhibited a decreasing trend after
6 h (process B). Then the coated specimens presented a
slow weight loss (process C). Finally, the coated
specimens showed a sharp weight loss with 22.4 mg/cm2
after oxidation at 1773K for 180 h, indicating the
failure of the ZrB2/SiO2 coating (process D).

Figure 6 shows the XRD pattern of the ZrB2/SiO2
composite coatings after oxidation at 1773 K for 160 h.
The ZrSiO4, ZrO2, and SiO2 phases can be found in the
XRD pattern. The formation of ZrO2 indicates that the
ZrB2 particles in the coating were oxidized. The ZrSiO4
was formed by the reaction between SiO2 and ZrO2
after oxidation. The formation of ZrSiO4 is beneficial
to the oxidation resistance ability because of its low
permeability of oxygen and high thermal stability under
high temperature. Moreover, the ZrSiO4 and ZrO2
phases existing in the coating can reduce the consumption
of SiO2 and then improve the oxidation resistance of
C/C composites at high temperature [2,26].
The surface SEM image of the ZrB2/SiO2 coating
after oxidation at 1773 K for 160 h is shown in Fig.
7(a). A continuous glass layer is formed and exhibits
coarse morphology. No holes and cracks can be observed
in the glass layer. Many submicron white particles
dispersed uniformly in the continuous gray glass layer
(Fig. 7(b)). The XRD analysis demonstrates that the
white particles are ZrO2 and ZrSiO4, and the gray glass
phase is SiO2. Therefore, a continuous SiO2 glass layer
embedded with ZrO2 and ZrSiO4 particles was formed
after the oxidation at 1773 K for 160 h. The continuous
SiO2 glass layer embedded with ZrO2 and ZrSiO4
particles presents good stability and small diffusion
rate of oxygen, thus improving the oxidation resistance
of the coated samples [27,28]. The cross-section SEM
image showed that the coating is dense and little glass
phase can be found after oxidation at 1773 K for 160 h
(Fig. 7(c)). The thickness of the coating is ~180–200 μm,
which is similar to that of the coating before oxidation.
The uniformly dispersed ZrO2 and ZrSiO4 particles
also exist in the cross-section of the coating (Fig. 7(d)).
Besides, cracks or pores cannot be found in the coating.

Fig. 5 Isothermal oxidation curves of the SiC–C/C and
ZrB2/SiO2 coated SiC–C/C composites at 1773 K in air.

Fig. 6 XRD pattern of the ZrB2/SiO2 coating after
oxidation at 1773 K for 160 h.

3. 2

Oxidation resistance of the coated samples
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Fig. 7 (a) Surface morphology, (b) high magnification morphology of surface, (c) cross-section morphology, and (d) high
magnification morphology of area A of the ZrB2/SiO2 coating after oxidation at 1773 K for 160 h.

However, the appearance of glass phase inside the
coating indicated that the oxidizing atmosphere has
diffused into ZrB2/SiO2 coating at 1773 K for 160 h.
Cracks and many holes are formed on the surface of
the coating when the coated sample is oxidized at 1773
K for 180 h (Fig. 8(a)). A large number of holes also
generated in the inner part of the coating (Fig. 8(b)).
The partial SiC inner coating is also oxidized. The
formation of holes results from the volatilization of
SiO2 glass phase as well as the release of the gaseous
byproducts. These results indicated that the oxygen
diffuses into the coating and causes the oxidation of
the inner part of the ZrB2/SiO2 coating. Therefore, the
ZrB2/SiO2 coating prepared by facile sol-dipping can
protect the composites from being oxidized for 160 h
at 1773 K.
Figure 9 presents load–displacement curves of the
ZrB2/SiO2 coated SiC–C/C composites before and after
oxidation for 160 h at 1773 K. The curve after oxidation
illustrates a typical pseudo-plastic fracture behavior,
just as it was before oxidation. The flexural strength of
the ZrB2/SiO2 coated composites before and after
oxidation is 98.6±6.5 and 85.7±5.8 MPa, respectively.
The flexural strength retention ratio of the ZrB2/SiO2
coated composites is 87% after oxidation for 160 h at
1773 K. After the oxidation at 1773 K for 160 h, no
visible holes and cracks can be observed in the SiO2
glass layer. The cross-section morphology of the
coating is dense and little glass phase can be found.

Fig. 8 (a) Surface and (b) cross-section morphology of
the ZrB2/SiO2 coating after oxidation at 1773 K for 180 h.

Moreover, the thickness of the coating is similar to that
of the coating before oxidation. However, there is a slow
weight loss trend during oxidation for 160 h at 1773 K
and the formation of glassy phase, which decreases the
flexural strength of the composites slightly after oxidation.
3. 3

Oxidation resistance mechanism of the coating

The following reactions occur during the oxidation in
the ZrB2/SiO2 coated SiC–C/C composites [29,30].
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Fig. 9 Load–displacement curves of the ZrB2/SiO2
coated SiC–C/C composites before and after oxidation for
160 h at 1773 K.

2ZrB2 (s)+5O 2 (g)  2ZrO 2 (s)+2B2 O3 (l)

(1)

SiO2 (s)  SiO2 (l)  SiO2 (g)

(2)

SiC(s)+2O2 (g)  SiO2 (l)+CO2 (g)

(3)

ZrO 2 (s)+SiO 2 (s)  ZrSiO 4 (s)

(4)

2C(s)+O 2 (g)  2CO(g)

(5)

C(s)+O 2 (g)  CO 2 (g)

(6)

According to the above reactions, the oxidation of
ZrB2 and SiC leads to a net mass gain. The weight loss
of the sample results from the oxidation of C/C
composites and evaporation of B2O3 and SiO2 in the
oxidation process [18]. Figure 10 shows the schematic
of the oxidation resistance mechanism of the ZrB2/SiO2
coating. The weight gain of the coating is observed in
the process A, which is mainly due to the oxidation of
ZrB2 forming the ZrO2 and liquid B2O3. Meanwhile,
the SiO2 particles in the ZrB2/SiO2 coating initiate to
form liquid SiO2. The formation of liquid B2O3 and
SiO2 leads to the healing of the microcracks in the
coating and improves the oxidation resistance. In the

Fig. 10

process B, the liquid B2O3 would volatilize rapidly
with the increase of oxidation time. So, the weight gain
of the coated specimens exhibited a decreasing trend.
After being oxidized for 20 h, the weight loss was only
1.8 mg/cm2, which showed the outstanding oxidation
resistance of the coating.
With increasing oxidation time (process C), SiO2
glassy layer, ZrO2, and ZrSiO4 particles were formed.
The ZrO2 and ZrSiO4 particles were embedded in the
SiO2 glassy layer. The continuous SiO2 glassy layer
generates on the surface of the coating, which can
efficiently fill the defects in the coating and protect the
specimens from oxidation. The coated specimens
present a slow weight loss trend, indicating a remarkable
oxidation resistance of the coating. Moreover, the ZrO2
and ZrSiO4 particles embedded in the SiO2 glassy layer
act as pinning particles restraining generation of
microcracks [31]. Furthermore, the ZrSiO4 particles
embedded in the SiO2 glassy layer can lower the
diffusion rate of oxygen and improve the stability of
the SiO2 glassy layer, which improves the oxidation
resistance of the coated samples at 1773 K [32].
When the coating was oxidized for 180 h (process
D), liquid SiO2 will rapidly volatilize. Some oxygen
can penetrate the glass layer or pass the microcracks
and cause the oxidation of the inner part of the coating,
thus forming a large number of holes in the coating, as
indicated by the yellow arrows in Fig. 8. These holes
were difficult to be filled because of the volatilization
of liquid SiO2. Therefore, the oxidizing atmosphere
can diffuse to SiC coated C/C sample rapidly along
with the holes, which also form a large number of
holes in the SiC inner coating, as indicated by red
arrows in Fig. 8(b). Thus, the oxidation curve of the
coating shows an abrupt growth trend, indicating that
the coating has failed to protect the C/C substrate.

Schematic of the oxidation resistance mechanism of the ZrB2/SiO2 coating.
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Thermal shock resistance of the coated samples

The thermal shock resistance of ZrB2/SiO2 coatings is
investigated between 1773 K and room temperature, as
shown in Fig. 11. The weight loss of the ZrB2/SiO2
coated sample presents linear relationship. The slope of
the line is 0.422, and the final weight loss per unit area
is 6.35 mg/cm2.
Figure 12(a) shows the surface morphology of the
ZrB2/SiO2 coated sample after 15 times thermal shocks.
Cracks and pores can be observed on the coating
surface, which can provide the pathway for oxygen to
attack C/C substrate during thermal cycling. During the
thermal shock tests, the thermal stress would cause the
cracking of the coating which could be attributed to the
thermal expansion coefficient mismatch between coating
and substrate [33]. The cross-sectional morphology of
the ZrB2/SiO2 coated sample after 15 times thermal
shocks is shown in Fig. 12(b). Penetrative cracks
distributed in the failed coating after thermal shock test.
Under the failed coating, the SiC inner coating and
C/C substrate were oxidized. Besides, the cracks can
be found between the ZrB2/SiO2 coating and SiC inner
coating, indicating the ZrB2/SiO2 coating de-bonded from
the substrate. The penetrative cracks and the de-bonded
coating interface provide channels for oxygen diffusion.
With thermal shock test carrying on, the cracks propagate
along the interface. Finally, the coating would fail to
protect for the C/C substrate.
In summary, the sol-dipping process can achieve a
uniform distribution of fine ZrB2 particles in the ZrB2/SiO2
coatings. This method has the following advantages for
the preparation of ceramic coating. Firstly, sol-dipping
is a convenient method for preparation of coating
consisting of ceramic nanoparticles. There are fewer
restrictions to the shape of the substrate samples. The

Fig. 12 (a) Surface and (b) cross-section micrographs of
the ZrB2/SiO2 coating after 15 thermal cycles between
1773 K and room temperature.

samples are heated and immersed in the suspension
consisting of ceramic nanoparticles and silica sol. The
coating can be formed on the area that contacted with
the silica sol. Secondly, this method is energy efficient
for the preparation of the ceramic coating. The sintering
temperature of the ceramic coating was 1073–1273 K.
Furthermore, the sol-dipping process is suitable for
preparation of nanostructured coatings because of its
low sintering temperature. Therefore, the sol-dipping
process provides a new idea for the preparation of
nanostructured ceramic coatings with low cost, which
has the industrial application prospect in the field of
high-temperature oxidation resistance and wear resistant
coating.

4

Fig. 11 Weight loss curves of the coated C/C samples during
thermal cycling between 1773 K and room temperature.

Conclusions

A ZrB2 particles reinforced glass (ZrB2/SiO2) coating
was prepared on the SiC–C/C composites by a facile
sol-dipping approach. The coating with ~200 μm in
thickness presented a compact structure, and no
obvious holes and cracks could be found. The uniform
distribution of ZrB2 particles can restrain the extension
of the cracks generated shrinkage of the silica gel during
the heat treatment. The ZrB2/SiO2 coating protected the
composites from oxidation for 160 h at 1773 K with a
weight loss of 6.9 mg/cm2. The flexural strength of the
ZrB2/SiO2 coated composites before and after oxidation
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is 98.6±6.5 and 85.7±5.8 MPa, respectively. The flexural
strength retention ratio of the ZrB2/SiO2 coated
composites is 87% after oxidation for 160 h at 1773 K.
The continuous SiO2 glass layer embedded with the
ZrSiO4 and ZrO2 submicron particles was formed
during oxidation, which could lower the diffusion rate
of oxygen and improve the stability of the SiO2 glass
layer. Therefore, the ZrB2/SiO2 coating presented good
oxidation protective (resistance) property. After thermal
cycles between 1773 K and room temperature for 15
times, the weight loss of the ZrB2/SiO2 coated sample
presented linear relationship. The penetrative cracks
and the de-bonded coating interface could be found in
the failed coating after the thermal shock test. This
resulted in the failure of the ZrB2/SiO2 coating to
protect the C/C substrate.
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